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I. Introduction 


The purpose of this project was to determine, by petrographic 
analysis and other techniques, whether or not sands from 25 locations 
in New York State would be suitable for use as aggregate in the making 
of concrete. Among other considerations, of primary importance was 
the determination of the amount and type of ae teie Pou materials pres- 
ent in each sample. This was accomplished by several methods: (1) 
The percent composition, by constituents, of each size fraction of each 
sample, (2) the identification of clay minerals by x-ray analysis and (3) 
an acid insoluble residue analysis of the limestone portion of samples 
containing greater than 10 percent limestone. Also included are round- 
ness and sphericity measurements and the identification of the types of 
minerals and rocks which were classified as miscellaneous. 

These 25 sands were received as 8 graded size fractions (a few 
samples have only 7 fractions) ranging from (-3/8 +4) to (-200) mesh. 
The following list gives the location and number of fractions received of 


each sample. 
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59 Wolf Read, POD 34 
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Source 


Long Island 
Corinth 
Boonville 
Plattsburg 
Oak Orchard 
Irving 
Franklinville 
Corning 
Clarence 
Watertown 
Fulton 
Penfield 
Vandalia 
Clifton Springs 
Sherburne 
Bath 
Cohocton 
Hudson 
Caledonia 
Bethlehem 
Dunn's Bank 
Port Jervis 
Mechanicville 
Binghamton 
Owego 


All sizes present 
All sizes present 
All sizes present 
No (-3/8 +4) mesh fraction 
All sizes present 
All sizes present 
No (-3/8 +4) - 
All sizes present 
All sizes present 
No (-3/8 +4) 

All sizes present 
All sizes present 
No (-3/8 +4) 

All sizes present 
No (-3/8 +4) 

All sizes present 
No (-3/8 +4) 

All sizes present 
No (-3/8 +4) 

All sizes present 
All sizes present 
All sizes present 
All sizes present 
All sizes present 
All sizes present 
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II. Procedure 


The procedures followed throughout the course of this analysis 
conform to ASTM designation C-295, with the Powis additions: 

1. Acid insoluble residue analysis of limestone fraction. 

2. Roundness and sphericity measurements. 


3. Clay mineral identification by x-ray analysis. 


A. (-3/8 +4) and (-4 +8) mesh fractions / Facts = 
eee er ee na ee a ML ann vi lege! 


These fractions were separated into their constituents by exami- 


0 oe a 


nation with a stereoscopic binocular microscope and recorded as percent $u$ 
fr CMD , 


by weight. A visual description Wee made of these two fractions and 
comments made regarding particle shape, surface texture and other 

ev nish ne characteristics. An x-ray analysis, using a spectrog on- —-: 
iometer, was done on the shale and siltstone portions to identify the types 

of clay minerals present. The rock types included in the miscellaneous 
category were identified by the use of stereoscopic binocular and petro- AN Xx 


graphic microscopes. aN 


B. (-8 +14) to (-100 +200) mesh fractions 

A grain count was made, using a He hPEPee binocular micro- 
scope (petrographic microscope on (-100 +200) mesh fraction) to deter- 
mine the percentage of each constituent in each fraction. A visual 
description was made of the size fractions (-8 +14) to (-48 +100) mesh 


as a whole, noting color, particle shape, noticeable rock or mineral 
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types and other distinguishing characteristics. Minerals included in the 
miscellaneous category were identified by examination with stereoscopic 
binocular and petrographic microscopes. 

In the (-3/8 +4) and (-4 +8) mesh sizes, the miscellaneous cate- 
gory is mainly composed of and reported as rock types, while in the 
(-8 +14) to (-100 +200) mesh sizes, the rock types have, in general, 


broken down into their mineral constituents and are reported as such. 


C. -200 mesh fraction 

The -200 mesh size was separated into clay and silt fractions by 
allowing the silt fraction to settle out of a water suspension. This clay 
suspension (-10 micron particle size) was dried, and a random x-ray 
pattern run indicating those minerals present. The silt fraction was also 
dried and a portion made into a collodian slide which was also examined, 

a 

by x-ray diffraction. The remainder of the -10 micron clay fraction was 
deflocculated, and a suspension siphoned off containing particles vee 


than 4 microns in size. This suspension was dried, and an oriented 


x-ray pattern was made to determine the clay minerals present. 


D. Acid insoluble residue of limestone 

If limestone was present in any sample in an amount greater than 
10 percent, a 10-gram portion was taken from the (-3/8 +4) and'(-4 +8) 
mesh sizes, dissolved in hydrochloric acid, and the percentage of acid 
insoluble residue was determined. These percentages could then be 
compared with available sulfate-soundness data to give an indication of 


the stability of the limestone present. 
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E..Roundness and sphericity measurements 

Quantitative sphericity measurements, using a petrographic mi- 
croscope and camera lucida, were done on 100 grains taken at random 
from the (-14 +28) size fraction. The grains were placed on an ordinary 


/ 


| er joi en naa 

glass slide Seie Etats ee on their maximum projection area were 
moved to the edge of the slide and fixed with adhesive cement. With the 
use of a camera lucida, the outline of the maximum projection area was 
traced from which the maximum dimension "'a"' could be measured, and, 
perpendicular to "a", the widest dimension "b'' could be found. The 
slide was then turned on edge and the outline of the minimum projection 
area was traced. The widest dimension (or maximum thickness) ''c"', 
perpendicular to "a'' could then be measured. Pigtes 1 illustrates, 
using a sample grain, the outline obtained and the orientation of "'a"', 
Sp'tcand "cl. 

The ratios b/a and c/b were then calculated for each grain, from 
which a value of sphericity was obtained from a graph such as is shown 
in.Figure 2. 

Sphericity, b/a and c/b values were added and divided by the 
number of grains measured and reported as average values. A histo- 
gram was made giving the number of grains in each sphericity range 
GAstou,.5; 2 5-to-,.b,..etc. ): 

Roundness measurements, which were qualitative only, were 


made on the same grains. A technique was used whereby a visual esti- 


mation by grouping was obtained as follows: 


























Mi a ’ 4 ; 
My : 2 
* 
ey -2itt 
mobos ts tages cePRe: QOL me avob 1s 
Vreribso op moO Reon! ote eee ic edt’ phere 8 iG 
: at, 
y aes a iy \ bce ins “e 
e19W sate co gQelotg cummins Wedd AO en: begs 
iy ide ¥ see? eVitsdbs dow Bexnit bes abtie oa to” agi 4 0) 
ew AOTA LOMDS(OI1d Tine One lo onthiaw off abou 2ven 
a 4 ; , ‘ SS 
~ : . py , + 
ibne Deivessdm od bluos “s" aplartemin Innere or? 0 OTR ae 
( voi ed bluos "ad cofeasarth tanbiw edgy Mp" 6) See 
a 
(otter ermucriinion eat 1 nibveo ots bas sybe ao Swarr weer ea 
sao dd mrucisarn 10) COLMASRU }eehew.eeT 2 
Li [ ’ i iV/@aom ac! j he >t )* ity ". @ ite 
r ‘ 
's" do goiteinsiao off Dn« beeietd® en tiie ot Ate te Ga: 
* , 7 _.. 
7 fig%ty A584 16? bsiniusaiso asm stew aX ine 6 \C acitet nde 
i ai 4) jig 0 mot! boniside Say yipizeiges 40 oe: - 
/ - ; : : 
z p « 5 
“a: io 
i vd babivis bas Bebbs st]°0W seblge a\ 5 bao 6 \d stotaia aie 
3 ‘ ines 
| 
rolein A ssulsu sob tev BS cette aes ae ae, 
A 


i » 
‘ i — : bys fi 
* “ y } Vp . 
: ne oa) i 
osoW witlne ov ivate oe etow sia 
ie 


-ite9 Le sab, ® wore beau 


Angular - all edges sharp 
Subangular - <50% of edges smooth 
Subrounded - > 50% of edges smooth 


Rounded ~ all edges smooth 


Each grain was given a roundness value according to the percentage of 
smooth edges. The number of grains in each group was multiplied by 


the roundness value for the group and the total divided by the number of 


Roundness value 


33 
66, 


100 


grains giving an average roundness for the sample. 
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III. Results 


The results of this analysis are reported under four headings: 
A. Percent composition by constituents 
(1) (-3/8 +4) and (-4 +8) mesh sizes 
(2) (-8 +14) to (-100 +200) mesh sizes 
(3) -200 mesh size 
B. Visual description of sample 
C. Roundness and sphericity measurements 


D. Acid insoluble residue analysis of limestone portion 


A. Percent Composition by Constituents 

In the (-3/8 +4) and (-4 +8) mesh size ranges, the samples were 
arranged into five general categories depending on their outstanding con- 
stituent. Samples 5, 7, 11, fa) 13, 14, 17, and 19 contained a large 
percentage of sandstone, with lesser amounts of limestone and miscel- 
laneous rocks. An appreciable amount of chert was noted in Sample 13. 
Miscellaneous rocks predominated in Samples 1, 2, 3, and 4 with Sam- 
ple 3 having a large amount of limestone. A small amount of mica was 
observed in the (-4 +8) mesh size of Sample 1. Major amounts of silt- 
stone and shale and lesser quantities of sandstone were found in Sam- 
ples 8, 9, and 21. Limestone appeared in a small quantity in Sdmple 9, 
and Sample 8 contained an appreciable amount of chert. Sample 21 con- 
tained a large quantity of miscellaneous rocks. In Samples_10 and 15, 


limestone was the major constituent. Sample 10 also contained a large 
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amount of miscellaneous rocks, and sandstone was present in Sample 15 
in an appreciable quantity. The remaining samples contained approxi- 
mately equal portions of sandstone, siltstone, and shale with varying 
amounts of other constituents, such as limestone in Sample 20 and mis- 
cellaneous rocks in. Samples 22 and 23. 

Quartz and quartzite were included in the miscellaneous category 
of all samples. Other stable minerals and rocks classified as miscel- 
laneous were feldspar, garnet, ilmenite, granite, and gneiss. 

Constituent percentages in the two coarse fractions of each sam- 


ple are listed in, Table'I. 
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Table I. Lithologic Compositions of the Samples in the bene? 
—- (-3/8 +4) and (-4 +8) Size Fractions , 4.4 wight Ene; 
Size shble & ¥ , 
Fraction siltstone ane tone Limestone 
Sample Ne, J 
-3/8 +4 ” 0.2 0.6 
: J Saeed 
-4 +8* 41> ier ayo 
Sample: No. 2 
~3/8 +4 v ---- ---- 
-44+8 vy ---- Z, 0 
Sample No. 3 
-3/8 +4 v ~--- ---- 
-448 wien ae 


no. fraction 


~4 +8 4s 


-3/8 +4 4" 


no fraction ” 
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no-fraction “ 
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-3/8 +4 ms 
-4 +8 io 
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Sample No. 4 


gl Igas 0.6: 79, ga... 
Sample No. 5 
fr ee 68.9 —— 31.0 42 -2>- 
ae 67.6 12.2% 19.8 wee 
Sample No. 6 
Aqua © 33.5 ae Pita ee 
Sample No. 7 
ees a 
Sage | ott ee ee ce 
[0.9 LY L 75.5 ae V2,4:ent |. 26: 
re 
Sample No. 8 
75,0: '/ os 1.8 as Peg 13,9 
Boeri | 38.3 1.6 6.8 12 
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Table I. (continued) 


Size Shale & \ 
Fraction siltstone Sandstone Limestone 


Sample No. 9 


-3/8 +4 75.9 2.5 
-4 +8 iz, 5 4 St. 7 41.5 
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Sample No. 10 


no fraction seo SS, Aged Eccl oh 
-4 +8 af ly 10.7 65.5 
pa Be alfe) ; 
Sample No. 11 sy.re” 
-3/8 +4 oe 2? cao 
-4 +8 : -ae- 95.0 2.6 
Sample No. 12 Pré 
-3/8 +4 w-=- ge 13 
-4 +8 wren 49.9 19.5 
x 
Sample No. 13 
no fraction eens, oaks oie ot B 
-4 +8 Po G1. d 3, 4 
Sample No. 14 ¢Cu;-7o0 
-3/8 +4 —— 62.0 32.4. 
-4 +8 wees CR, 24.7 
Sample No. 15 SHéRre yk 
no fraction {== — Ye aa 3 cbs 
-4 +8 / 14/2 ; 4, 34,0 45.2 
| Pa eo 
i Sample No. 16 fares 
~3/8 +4 30.6 / a5.6, 7 21. 0 
-4 +8 OR aes 50.8 10 
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Size 
Fraction 


no fraction 
-4 +8 


-3/8 +4 
-4 +8 


no fraction 
-4.+8 


-3/8 +4 
=4-48 


-3/8 +4 
A4 28 


-3/8 +4 
-4 +8 


-~3/8 +4 
-4 +8 


-3/8 +4 
-4 +8 


Shale & 


siltstone 


Table I. (continued) 
Sandstone Limestone 
Sample No. 17 cowecr 

he | 1.8 
Sample No. 18 Hues?” 
ce rs 7.4 
aaa & 1.6 
Sample No. 19c/ bi 
68.9 17.4 
Sample No. 20 
PES pS 
41.5 12.4 
Sample No. 2l 
aUe ft rag « 
25.8 AS 
Sample No. 22 7,2, Fey 
34.5 ---- 
44,7 es 
Sample No. 23} 
ais lye 
3520 0.4 
Sample-No. 24 giwenanrre’™ 
56.5 LID 
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Table I. (continued) 


Size Shale & 
Fraction siltstone Sandstone Limestone Misc. Chert 
Sample No. 25 0wé&o¢ 
-3/8 +4 16. 3 P 42.4 29.4 tis Leo 
-4 +8 20,2 4 Le fo Fe le) 15.4 ak 6.5 


* The (-4 +8) fraction contains 2.0% mica. 
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Table II gives the percent composition by constituents of all 25 
samples in the size fractions from (-8 +14) mesh through (- 100 +200) 
mesh. Individual mineral grains of quartz and feldspar became more 
numerous as the grain size became smaller, as might be expected when 
the granite and gneiss rocks are broken down into small fragments. In 
the case of the (-100 +200) fractions, a little less quartz and feldspar 
were found when more particles were put into the miscellaneous classi- 
fication. 

The miscellaneous category contained such minerals as magnetite, 
Pavabiende, garnet, ilmenite, augite, biotite, muscovite, and chlorite. 
Samples 1 and 2 contained larger amounts of mica; so these minerals 
were separated from the miscellaneous classification and listed ina 
special subdivision. 

Samples 6, 9, 16, 18, 20, 21, 22, and 23 contained excessive ee 
amounts of siltstone and shale. 

Large amounts of limestone fragments were found in Samples 9, 
iy, 42,01 5,) 195 and (25, 

Chert was present in amounts over 10 percent in Samples 6, 7, 


By 13, 24, -and"25. 
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In the silt portion of the -200 mesh size fractions, quartz, feld- 
spar, calcite, and dolomite were the constituents common to most sam- 
ples. The -10 micron fractions generally contained quartz, calcite, 
dolomite, illite, and chlorite. Nearly all the -200 mesh fractions con- 
tained both illite and chlorite in the -4 micron clay portion. Table III 
lists the results of this qualitative analysis. 

The quantitative analysis of the -200 mesh fractions showed that 
most of the fractions contained from 3% to 12% mica and clay. Excep- 
tions were Samples 18, 19, 20, 21, 23 and 25, which ranged from 14.5 
percent mica and clay in Sample 23 to 24.7 percent mica and clay in 
Sample 20. Percentages of silt and mica-like minerals in each -200 


mesh size fraction are given in Table IV. 
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Table III. Qualitative Analysis of -200 ean Size Fractions 


ie j 
jp , 
wh i, ed Waa ak 


ae alcite Dolomite Chlorite Illite 


A 


#1* Csilt) ee x x 


aaaceee Feldspar 


#2* 


#3 


#4 


#5 


#6 


#7 


#8 


#9 


#10 


#11 


‘ae 


ae 
-10u 
-4y 


silt 
-10y 
-4y, 
silt 
-10u 
-4y 


silt 
-10y 
-4y, 


silt 
-10y 
-4u, 
silt 
-10u 
~4u 
silt 
-10y 
~4u 


silt 
-~10u 
-4u 


silt 
-10u 
-4u 


silt 
-10y 
-4u 


mm mx x x x m~ x x ms 


mx 


mx PS ms PX x Ps mm ms PS ms 


mx 


~ 


22a 


mms mx 


mx aes MMM 


mx MM 


ms 


PS 


~ 


~ mx > 


mM MM 


~ x 


mM Mm OM OS 


~ 


KKM 


x 


mM 





Table III. (continued) 


Fraction Quartz Feldspar Calcite Dolomite Chlorite LIllite 


#12 silt x x x x= x BS 
-10py D x rs x x 
-4y x P< oe 
Misr silt X 
-10p x x 
~4y x 
#14* silt X +5 X 
-10p y x <I 
-4u x x » 
#15 silt x iy 8 be 
-10p x vs x < x 
-4u xe x X 
#16 silt x x xX x x 
-10p x x x 
-4u a4 x 
#17 silt xX 
-10u x x 4 
-4u x x 
#18 silt xX x a x 
-10p x xX x x 
-4u D.& x 
#19 silt x x xX 
-10p x x 8 x x 
~4u 4 me a6 x 
#20 silt >, % x x x x a4 
-10u xX xX x 4% x x 
-4u x 4 
#21 silt xX ro x x x par. 
-10u A 6% x x x 
-4u x ae 
#22 silt X Pe ne x 
-10p X x ye 
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Table III. (continued) 


Fraction Quartz Feldspar Calcite Dolomite Chlorite Illite 


nr ae 


#23 silt >. x x x +4 
-10u >.< x x x 
-4y x x 
#24 silt x x x x +2 >.< 
-10u xXx x >, € x x 
-4u pe »4 x 
#25 silt » 4 x x x xX Ex: 
-10yu x x x x x 
-4y x x »« x 


* -4 micron portion contains kaolinite; Samples 1 and 2 also contained 
muscovite in the silt portion. 
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Table IV. Silt and Clay Contents of the -200 Mesh, Size Fractions yf 
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Sample No. % mica & clay/- tj % silt (V / . 
Ly LOL 25 88.4 
Z 3uBe 94.8 
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4 Seon 93.6 
» 8.3 B10 
6 AT 91.5 
qi 6.4 92.8 
8 5 aD) 93 315 
9v £0. 1 B93 
10 8.8 90.4 
Dis Lgn5 88.9 
12 3 Me 9503 
P37 Ea 88.2 
14 L2. 7 86.5 
Loe hie 87.8 
16 v ESi16 84.8 
iZ 5.3 94.2 
Loe 14.9 84.5 
19. 18. 4 80.9 
VAAN: 24.7 74.9 
212 LLa5¥ 76C9 
cas 8. 0 215 
fae 14.5 84.8 
24 7.4 Gig 
Zoo 18¢ ls 81.4 
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B. . Visual Description of Samples 

Sample No. 1: In the (-3/8 +4) and (~4 +8) mesh fractions, the 
quartz pebbles were yellow in color. Some were smooth surfaces, while 
others showed pitting; all wereGrregularly Shaped. Amphiboles, a ie 
enes, feldspars and micas appeared in some of the granite and gneiss 
pebbles. Quartz was the main constituent of the miscellaneous classi-— 
fication. Red and brown varieties of shale appeared a small quantities. 
The sand was a yellow color in the (-8 +14) to (-48 +100) mesh fractions, 
and grains of mica were noticeable in all fractions. The grains in the 
coarser sizes were angular. They became more equidimensional and 
rounded in the finer fractions. Dark gray grains, which could be sand- 
stone and shale, were observed in the larger sizes. This dark portion 
of the sample became black in the finer sizes; this may have been caused 


by a change in the mineralogical composition of the grains. 


Sample No. 2: Nearly all the sample was classified as miscel- 


laneous rocks. In the (-3/8 +4) and (-4 +8) sizes, most of the miscel- 


SS eae ayy u 


laneous subfraction was(quar tzite;a few quartz pebbles were noted. 


The remainder of the miscellaneous subfraction was largely biotite, 


a whch pobtte® 
hornblende and garnet; most of the pebbles : Poneeded two or more of 


these minerals in aggregate form. Nearly all pebbles were angular and 
rough surfaced. In the larger sizes of the (~8 +14) to (-48 +100) mesh 
ranges, the sand exhibited a dark green appearance which changed toa 


light brown color in the finer fractions. 
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Sample No. 3: More than half the limestones in the (-3/8 +4) and 


(-4 +8) mesh sizes were relatively light in color. Approximately half of . 


these Daun’ were smooth surfaced and rounded; the remainder were 
angular and rough surfaced. The miscellaneous rocks were largely 
quartzite. They were somewhat equidimensional but very rough sur- 
faced. There was a small amount of mica in these sizes. The coarser 
fractions in the (-8 +14) to (-48 +100) size ranges Tose blue-gray in 
color which changed to brown in the finer sizes. In these coarser frac- 
tions, the majority of grains were angularly shaped; they became more 
equidimensional in the finer sizes. Magnetite was a notable portion of 
miscellaneous minerals in the finer fractions. This sand contained a 


large percentage of feldspar. 


Sample No. 4: The (-4 +8) size fraction was nearly all angular 
pebbles with very rough surfaces. The ager of miscellaneous par- 
ticles consisted of quartz and quartzite. In the (-8 +14) to (-48 +100) 
size ranges, the color changed from brown to yellow as the grains de- 
creased in size. These grains became more rounded and equidimen- 


sional in the finer fractions where the majority of miscellaneous min- 


erals were Quartz. > fo pee Ze yet 


Sample No. 5: In the (-3/8 +4) and (-4 +8) sizes, the majority of 
sandstones indicated some carbonate content. Most of these pebbles 
were somewhat elongated, rounded, and smooth surfaced. The miscel- 


laneous particles were largely quartz and quartzite; all of which were 
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rounded but rough surfaced. The (-8 +14) to (-48 +100) sizes exhibited 
a gray brown color in the coarser fractions, which graded toa light- 


brown color in the finer fractions. These grains possessed some round- 
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Sample No. 6: In the (-4 +8) fraction, red and black varieties of 
shale were noted. Some of the sandstones contained muscovite. Most 
of them were angular and rough surfaced. The miscellaneous subfraction 
consisted largely of quartzite and quartz; many quartz grains contained 
biotite and hornblende. Several pieces of an unidentified glassy substance 
were also observed. Nearly all the miscellaneous pebbles were angular 
and rough surfaced. In the (-8 +14) to (-48 +100) size ranges, the color 
varied from a gray-brown to a brown as the grains became smaller. In 


this range, the larger grains were somewhat disc shaped; the smaller 


sizes were more equidimensional. 


Sample No. 7: Approximately half the pebbles in the (-4 +8) frac- 
tion were rounded — the remainder were angular. An appreciable per- 
centage of sandstones indicated carbonate content. The miscellaneous 
category was largely quartz and quartzite. Nearly all the miscellaneous 
particles were angularly shaped and rough surfaced. In the (-8 +14) to 
(-48 +100) size ranges, the color changed from gray-brown to brown as 
the grains became smaller. The larger grains were generally equidi- 


mensional. 


ae 

















ms i 
Wy hs. : 
lo asiteitcv Asskd bos bat). roitoert (8+ #4) ‘weld ak 
Pte, ae . -_ 
teh, siiveoaum bentsings sanotebase eri lo erro 


aa) 


$ ; svosrtsilension edT beosiage rhigtaioeh bre 16log ce wxow i 


wit Tepe Avia GH 


» ‘ benisioad antsty Sit Avp yaar (ar THUp here stigiraup ta ving at te 


ee 
{i sonétucds'4 vaesly balittnabiny 2s to @ep0%g Letayved | sbusiddrad bate @ 
@ 
;aivpans saw aoeiddeg sues (lecsict fi Us Yost bevisedo! 9 
4 i ° wean hy 


3 a : ‘ H , Bair P| ' 

SL S rs feagens, osta (VO0DF 82+} ol (ee + B=) ati of beostiue # 
~ chi . 

aT selisota emaocul shcerg ofS ah nWwoxrd &@? Bwoqaeyers & reroxe f 


tia ail tbwoeda on ON Ws nide a ow! arhprg 269741 out ™ 


fe 


saapdan servi Lis ps oy SigKe ono a 


4 i a Ae 









é 


: - 3H {64 p+) we? of @ Slade i orl thee a * 





ns 


-74q sldsips sage & A .4stirges sew red pas ar babavon ore y 


P ae 


hae alarae 


| bit PULIAD pee (fooator oft tt ick ats said a2 2 ba sola sania 


¥ : : Faas ris » Te, nes 


re ostallevekat att Als vin ssh escarvinag bna woximip viogxal et 
dh ich 
Ph ae hy / ae 











ms ua i ar ihe: an 
ov (Ri + bik, osit at boadtawe quer bat wage = vis alupne x 52 ue. 


Se) 8) 73's arweond ot few ont ystg mort bejaeds voto. a ae. me 


1 a} 








¥? rane ibersang sd Ereeuiele 5 
Nake ay | seats hme, ; He a 4h Maye 7 
rey ae é fms 


aig ik 


Yin 


Sample No, 8: The miscellaneous particles in the (-3/8 +4) and 
(-4 +8) size fractions consisted of angularly-shaped, rough-surfaced 
pebbles of quartz and quartzite. In general, the grains in the siltstone- 
sandstone subfraction were smooth-surfaced; they appeared to be a very 
fine-grained, calcite-bonded sandstone some of which contained mica. 
A green-brown color was noted in all fractions in the (-8 +14) to (-48 +100) 
size range. The larger sizes exhibited an irregularly shaped character 


while the smaller sizes were more equidimensional and rounded. 


Sample No. 9: Quartz, quartzite, and granite pebbles comprised 
a majority of the miscellaneous species in the (-3/8 +4) and (-4 +8) size 
fractions. Most of these pebbles were angular and rough surfaced. The 
siltstones were generally rounded and smooth. Approximately half of the 


limestone subfraction consisted of smooth, rounded pebbles. The re- 
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mainder were(irregularly shaped: Light and dark varieties of limestones : 
| 


as well as dolomite pebbles were in this subfraction. In the (-8 +14) to 


(-48 +100) size ranges, the sand graded from light-gray in the larger pf” ef 
——=__— se ~ yw 2 
fractions to light brown in the smaller fractions. (Blocky, irregularly- yy 


shaped grains predominated in the coarser sizes while, in the smaller 


fractions, the grains were more equidimensional. 


Sample No. 10: The (-4 +8) mesh size consisted largely of angular 
pebbles; a large percentage of which was limestone. In the limestone 
subfraction, black, fine-grained and brown, coarser-~grained types were 


noted. Most of the limestones were angular and rough surfaced. More 
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than half the sandstone was angular and rough surfaced. The majority 

of miscellaneous particles were quartz and quartzite. Nearly all of these 
miscellaneous rocks were irregularly shaped and very rough surfaced. In 
the larger fractions (-8 +14) to (-48 +100), the sand appeared blue-gray; 
this was caused by a large percentage of limestone. This color graded 
to brown in the finer fractions. The larger grains in this range were 
irregularly shaped; they became more equidimensional in the smaller 


sizes. 


Sample No. ll: The (-3/8 +4) and (-4 +8) size fractions were nearly 
all sandstone; of approximately equal parts of a red and a brown variety. 
Most of these sandstones were angular and rough surfaced. The major- 
ity of sandstones indicated some carbonate content. Most of the miscel- 
laneous rocks were angular and rough surfaced. The limestones gener- 
ally were smooth and rounded. In the (-8 +14) to (-48 +100) size range, 
the coarser fractions exhibited a reddish-brown color which became 
more red as grain size decreased. This color was largely caused by 
the high percentage of sandstone present. In this size range, irregular 
rough-surfaced grains predominated; however, in the smaller fractions, 


the particles became equidimensional and quite well rounded. 


Sample No. 12: In the (-3/8 +4) and (-4 +8) mesh sizes, red and 
brown varieties of sandstone comprised most of the fractions. While 
all the sandstones were rough surfaced, approximately half of the peb- 


bles were rounded; the remainder were angular. Most of these sand- 
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stones indicated carbonate content probably as bonding material. The 
miscellaneous rocks were largely rough surfaced and angular; the ma- 
jority of them were quartzite. The limestones were relatively pure. 
Approximately half were rounded and smooth surfaced. As grain size 
decreased in the (-8 +14) to (-48 +100) size ranges, the color changed 
from gray to gray brown. The larger grains were somewhat flat in 
shape, but they possessed little roundness. The grains became more 


equidimensional in the finer fractions. 


Sample No. 13: In the (-4 +8) size fraction, approximately half the 
sandstones were rounded; all had rough surfaces. These sandstones 
were coarse grained, and both red and brown varieties were noted. The 
miscellaneous grains were largely quartz and quartzite which exhibited 
rough surfaces and irregular shapes. Nearly all the limestones were 
smooth and rounded. In the (-8 +14) to (-48 +100) size ranges, the color 
graded from yellow green to yellow brown as the grain size decreased. 


The grains became more equidimensional in the finer sizes. 


Sample No. 14: In the (-3/8 +4) and (-4 +8) mesh sizes, more than 
half the sandstones were angular, and all of them had rough surfaces. 
Both red and brown varieties of sandstones were observed. The ma- 
jority of sandstones indicated a carbonate content. The limestone peb- 
bles were generally smooth surfaced and rounded. Most of the miscel- 


laneous rocks were quartzite pebbles that were irregularly shaped and 


very rough surfaced. A small amount of a light-green sandstone was 
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present in the (-4 +8) size fraction. A color gradation from gray brown 
in the larger sizes to light brown in the smaller sizes was noted in the 
(-8 +14) to (-48 +100) size ranges. The grains were quite angular in the 


coarser sizes; they became more equidimensional in the finer sizes. 


Sample No. 15: In the (~4 +8) size fraction, nearly all the sand- 
stones were angular and rough Picea. Red, brown, and buff varieties 
of sandstone were noted; the majority of sandstones indicated some car- 
bonate present. The sia anris of siltstones were well rounded, equidi- 
mensional and smooth surfaced. Nearly all the siltstones also indicated 
the presence of carbonates. Angular, rough~surfaced pebbles were 


common in the limestone subfraction which contained a notable amount 





of dolomite. >The miscellaneous fragments were all angular and had 





rough surfaces. In the (-8 +14) to (-48 +100) size ranges, a color gra- 
dient from blue gray to gray brown was noted as grain size decreased; 
the blue-gray color was caused by the large percentage of limestone 
vere Angular grains, exhibiting some flatness, were common in 

the larger sizes. The grains became more equidimensional in the smal- 


ler sizes. 


Sample No. 16: In the (-3/8 +4) and (-4 +8) mesh sizes, the silt- 
stone portion was found to be composed of smooth~surfaced, well- 
rounded, disc-shaped particles; a small amount of which contained car- 
bonate. In general, the sandstones had well-rounded edges, relatively 


smooth surface textures, and were gray incolor. There was a small 
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amount of relatively soft clay — containing sandstones and a lesser 
portion that were calcite bonded. A smooth surface texture and dirty 
color were noted in the limestones, with some dolomite present in the 
limestone subfraction. The majority of the particles in the miscellan- 
eous portion were irregularly shaped and rough surfaced with the ex- 
ception of the quartz grains. In the (-8 +14) to (-48 +100) mesh ranges, 
the color graded from a gray toa gray brown from coarse to fine par- 
ticle sizes. The grains appeared flattened with rounded corners in the 
coarser sizes while, in the finer fractions, the particles became more 
equidimensional and rounded. White grains appeared in the coarser 


sizes and became quite noticeable in the finer size fractions. 


Sample No. 17: Brown sandstone constituted a major part of the 
(-4 +8) size fraction. Most of these sandstones were angular while the 
remainder were well rounded; all exhibit rough surfaces. The siltstone 
portion contained an appreciable amount of soft brown shale. Irregular 
grains with variable surface textures were noted in the miscellaneous 
subfraction. A yellow-brown color which graded to yellow in the finer 
fractions was observed in the (-8 +14) to (-48 +100) mesh ranges. The 
larger grains were angular, while more equidimensional and rounded 


particles were noted in the smaller size fractions. 


Sample No. 18: In the (-3/8 +4) mesh sizes, the pebbles in the 
sandstone portion had fairly smooth surfaces. About half were irregu- 


lar in shape, and the remainder were nearly equidimensional. Nearly 
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all the sandstone indicated carbonate content. Included in the sandstone 
subfraction were several calcite~bonded aggregates of smaller grains 
(~~ 30 mesh). Both brown and black shales, disc shaped and rounded, 
were noted in the siltstone portion. Most of the remaining siltstones 
were smooth surfaced and nearly equidimensional. Approximately half 
of the siltstone subfraction indicated carbonate content. The miscellan- 
eous grains were largely quartz, quartzite, and chlorites; most of these 
were angular, and the surface texture was variable. In the (-8 +14) to 
(-48 +100) mesh ranges, the grains appeared flattened with rounded 
edges; they became more equidimensional in the finer fractions. The 
sand color graded from gray in the coarser sizes to brown in the finer 


fractions. 


Sample No. 19: The sandstone in the (-4 +8) mesh fraction consis- 
ted generally of well-rounded pebbles with relatively smooth surfaces. 
Irregular shapes and varying surface textures characterized the pebbles 
in the miscellaneous category which were largely quartzite. In the 
(-8 +14) to (-48 +100) size ranges, limestone was visible by its blue- 
gray color. In the smaller-sized fractions, a high percentage of quartz 
imparted a white color to the sand. In general, the larger grains in this 
range were well rounded; they became more equidimensional as particle 
size decreased. A gray color noted in the larger fractions graded to 


light brown in the smaller sizes. 
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Sample No. 20: In the (-3/8 +4) and (-4 +8) mesh sizes, the majority 
of sandstones were angular, rough surfaced and gray in color. Most of 
them indicated carbonate content. The pebbles in the miscellaneous and 
limestone portions were nearly all angular and rough surfaced. The mis- 
cellaneous species were largely quartz and quartzite. Rounded edges and 
smooth surfaces characterized the grains in the siltstone subfraction. A 
color gradient of gray to brown from coarse to fine particle size was noted 
in the (-8 +14) to (-48 +100) size ranges. Irregularly shaped grains, some 
well rounded and others with sharp edges, were present in the coarser 


sizes. Most of the pebbles were angular in the finer fractions. 


Sample No, 21: The siltstone portion of the (-3/8 +4) and (-4 +8) 
mesh fractions consisted of rounded, smooth-surfaced pebbles. The 
shale particles, gray in color, were somewhat disc shaped. Angular, 
rough-surfaced grains were common in the sandstone, limestone and 
some of the miscellaneous pebbles. Some of the siltstones and sand- 
stones indicated carbonate content. In the (-8 +14) to (-48 +100) size 
ranges, the color graded from gray brown to light brown with a decrease 
in grain.size. Particles of dark shale were noticeable in the larger frac- 
tions of this range. The larger grains within this range appeared some- 
what flattened and round edged. The smaller sizes were more equidi- 


mensional. 


Sample No. 22: Pebbles having an irregular shape but smooth sur- 


face were common in the siltstone portion of the (-3/8 +4) and (-4 +8) 
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fractions. A black variety of shale was most common. The shale par- 
ticles were somewhat disc shaped and rounded. Most of the sandstones 
were rounded and fairly smooth surfaced; the remainder were angular 

and rough surfaced. The miscellaneous fragments, whose major con- 

stituent was quartzite, were generally angularly shaped and rough sur- 
faced. In the (-8 +14) to (-48 +100) mesh size ranges, a color gradient 
from green brown to light brown was noted as grain size decreased. In 
this size range, the harder particles in the coarse fractions were more 
angular than the softer grains. Rounded, equidimensional grains com- 


prised a notable percentage of the finer grains. 


Sample No. 23: In the (-3/8 +4) and (-4 +8) size fractions, the silt- 
stone subfraction consisted of rounded, smooth-surfaced grains. A gray 
variety of shale was present in disc-shaped pebbles. Rough surfaces 
and angular shapes characterized the grains in the sandstone portion; 
the few limestones noted were smooth and rounded. A majority of mis- 
cellaneous particles exhibited irregular shapes and rough surfaces; their 
major constituents were mica schists, gneisses, and quartzite. The 
larger grains in the (-8 +14) to (-48 +100) size range were generally 
rounded; the smaller fractions were more angular but equidimensional. 
A gray-brown to brown color gradient with decrease in grain size was 


noted. 


Sample No. 24: In the (-3/8 +4) and (-4 +8) mesh sizes, nearly all 


the sandstones and siltstones were rounded, slightly elongated, and 
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smooth surfaced. The majority of limestones were smooth, rounded, 
and blue gray incolor. The miscellaneous subfraction consisted largely 
of irregularly shaped pebbles of variable surface texture. The sand 
color changed from gray to gray brown as particle size decreased in the 
(-8 +14) to (-48 +100) mesh ranges. All grains in these size ranges were 
notably equidimensional; they became more rounded as mesh size de- 


creased. 


Sample No. 25: The sandstone pebbles in the (-3/8 +4) and (-4 +8) 
mesh sizes were generally smooth and rounded. The remainder were 
angular and rough surfaced. Most of the siltstones were rounded and 
smooth, and many indicated a carbonate content. The majority of lime- 
stones were smooth surfaced; some were angularly shaped. The mis- 
cellaneous pebbles exhibited both smooth and rough surfaces, and they 
were generally irregularly shaped. A color change from gray to brown 
occurred as the particle size decreased within the (-8 +14) to (-48 +100) 
mesh ranges. Flat, angular grains were notable in the coarser sizes; 


but in the finer sizes, they became more rounded and equidimensional. 


C. .Roundness and Sphericity Measurements 

The average sphericities of the grains examined in the (-14 +28) 
mesh size fractions were found to be ina range from 0.68 to 0.77. A 
range of b/a values from 0.69 to 0. 80 was noted with the c/b ratios oc- 


curring in @ range of 0,55 to-0. 79. 
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Most of the sphericity values were in the 0.6 to 0.9 range. Sam- 
ple 18 had 70% of the particles in this range, and Sample 10 had 96% in 
this range. The 0.7 to 0.8 sphericity range contained from 31 to 50 per- 
cent of the grains. An exception was Sample 18 in which 39% of the 
grains had sphericity values of 0.6 to 0.7. 

Table V gives the average b/a, c/b and sphericity values for each 
(-14 +28) mesh fraction. The distribution of sphericity values is shown 
for each sample in Figures 3 through 27. 

Roundness averages ranged from 33.1 in Sample 20 to 55.7 in 
Sample 24. From 66% to 85% of the grains observed had roundness val- 
ues in the 33 to 66 range. Table VI lists the number of grains in each 


roundness group together with the average roundness for each sample. 


D. Acid Insoluble Residue of Limestone 

The amount of acid insoluble residue in the limestone portions 
analyzed ranged from 5.9% in Sample 9 to 40.4% in Sample 13. Table 
VII gives the insoluble residue percentages for each of the 16 portions 


tested. 
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Table V. Average Values of b/a, c/b and Sphericity for 
100 Grains in (-14 +28) Size Fraction 


dafee Cer 
Sample No. b/a ub Sphericity : Pha 
1 0.80 0.70 “0.75 
2 O74 0.73 0.73 
3 0.76 0.79 0.77 
4 0.76 G7Z 0. 74 
5 0.80 0.73 01827 
6 0.69 0.78 0.74 
7 0.76 0. 66 g9572 
8 0.77 OP 0.74 
9 0.76 0.67 0.72 
10 0. 76 0, 21 O73 
11 0.74 0. 66 0.70 
12 0.73 0.72 0.72 
13 Cor? 0. 66 DiWZ 
14 0.73 0. 66 0. 70 
15 0.74 B72 0:73 
16 0.76 0.69 0.73 
17 0. 76 G78 0.73 
18 0.72 0.55 0. 68 
19 0.74 0. 64 0. 70 
20 O73 0.62 0.68 
21 0.75 0.65 Oe 1 
oe 0.76 0:74 0. 74 
23 0.75 0.66 0.71 
24 0.78 0. 68 0.74 
25 0.73 0.63 0.69 
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Table VI. Average Roundness of Grains in 
(-14 +28) Size Fraction 


No. of Grains in 


Rdundness Group Average 
Sample No. sete Cot LOO Roundness 
1 24 54 £18 4 re ye! 
2 19 40 -29 12 44,3 
3 23) 153 i 7 eT 
4 oh Shh © is 18 53.6 
5 ses OPES is Bee DE be: 18 SRS, 
6 pA Pe: Agere a 11 45.3 
4 Li 438 4 ll ~ 46.0 
8 16. 38 §-34 12 47.0 
9 2s 49 a i 38.4 
10 LZ. “49. 326 8 4ix0 
11 5° +60. 25 10 46. 3 
Ws 9 . 48.21 Le. a Naar 
13 20> 57 18 5 cL aay | 
14 P7250, 35 8 47.6 
15 20. shh) 221 8 35.4 
16 14 Sa Se 10 ip) 
17 15. *5le 26 8 42.0 
18 a ey er LS = ae) 
19 1Q)- 46:29 Bs. 49.3 
20 23: © -50 16 6 wi pee 
21 11 49 34 6 44.6 
of age, (29 6 43.6 
23 14 48 30 8 43.6 
24 6 45 -22 26 5527 
z5 AS ie op PR es 6 36. 7 
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Table VII. Percent of Acid Insoluble Residue of 
° Limestone Portions from (-3/8 +4) 
and (-4 +8) Size Fractions 


Percent Acid 


Sample No. Insoluble Residue 
3 os U 
5 eas 
i 18.0 
8 2£0..°3 
9 5.9 
10 fire 
ll Ps 
| ge Lo. 
i 40.4 
14 14.3 
BS 14.0 
16 bp ha 
19 12.2 

20 17.4 
24 iz. 90 
25 We ee 
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IV. Discussion of Results 


The results of this analysis indicated that Samples ies 2;.-3,,% 
and 10 should be suitable for use as aggregate in concrete. Samples 1, 
2, 3 and 4 appeared favorable due to their high quartz and feldspar con- 
tent and negligible amounts of shale, siltstone, and sandstone. A sub- 
stantial amount of stable miscellaneous rocks was also present in Sam- 
ple 2 with Sample 3 having an appreciable stable-limestone content. The 
sandstone in Sample 4 was probably not present in a sufficient amount 
to cause problems. Sample 10 contained a large amount of limestone 
and a lesser amount of miscellaneous rocks, both of which should be 
stable. The sandstone, siltstone, and shale could cause trouble although 
they were present in an amount less than 15%. 

The remaining sands were judged unsuitable because of substan- 
tial amounts of sandstone, siltstone, shale, limestone or chert. 

Siltstone and shale are, of course, unsound because of their clay 
content, and chert, due to the basic nature of concrete. The limestone 
was judged stable or unstable depending on the percentage of acid-insolu- 
ble residue. An insoluble residue of less than 15% is usually indicative 7 
of a stable limestone, but other factors such as absorption and type of 
bedding also effect soundness and would have to be investigated in order 
to declare a limestone definitely unsound. It is difficult, also, to judge 
the stability of sandstone as other factors, such as those affecting lime- 
stone, are necessary in this type of analysis. In general, however, sand- 


stone is unsound as a concrete aggregate. 
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Several variable factors were noted during the course of this 
analysis, the main one being a problem in definition. It was necessary 
to separate coarse-grained siltstone from fine-grained sandstone, limey 
siltstones from silty limestones and rock -— or mineral -— containing 
quartz grains from quartz-containing rock or mineral grains. In mak- 
ing grain counts, the magnification of the binocular microscope had to 
be raised to necessitate grain identification in the smaller size fractions. 
Discrepancies may have appeared here in that a grain appearing asa 
siltstone under low magnification might be identified as a sandstone un- 
der the higher power. Because of these variables, the grain counts of 
all the designated size fractions ina sample were done by one person 
to obtain consistency. 

It may also be noted that in many of the coarser fractions 
(-3/8 +4) and (~4 +8) mesh sizes the percentages reported do not total 
100 percent. This was due to the acid testing of suspected limestones, 
crushing of some particles for petrographic analysis or the breaking of 
some smooth-surfaced pebbles to examine grain size, bonding media, 


color, or fracture. 


Marvin Gridley, Petrographer and Author 
Gordon Bjorck, Technician — 

Kent Collins, Technician 

Hatay Arkayn, X-ray Technician 
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